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PWM CONTROL SIGNAL GENERATION METHOD AND APPARATUS 



TECHNICAL FIELD 

5 The present invention relates generally to a drive signal 

generation and, more specifically, to a circuit for converting 
two controllable pulse signals to two sets of drive signals, one 
s . set of which is pulse width modulated (PWM). The drive signals 

O are used for providing control of power applied a load using 

H 10 power conversion topologies, such as a full bridge DC/DC 
H converter operating in a Zero Voltage Switching (ZVS) operation 

at 

?4 mode . 

i 

BACKGROUND 

15 A common practice in the field of power conversion is to 

use switching power supplies to convert DC voltage of one level 
to a DC voltage at a second level. A circuit topology that is 

well suited for this purpose is the full bridge converter^. A 

common ZVS topology for a prior art full bridge converter is a 
20 phase-shifted full bridge. In other words, the drive signal 
that is used to control the full bridge converter comprises 
phase shifted signals. 

An example of one such circuit is described in detail in a 
Texas Instruments (formerly Unitrode Corp.) generated 
25 application note U-136A entitled "Phase Shifted Zero Voltage 
Transition Design Considerations and the UC3875 PWM Controller/' 
published in May 1997, and presently available from Texas 
Instruments, Inc. The phase shifted full bridge described 
therein requires a special function chip to translate a DC 
30 control voltage into a phase shifted signal for driving one side 
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of the full bridge switches. 

As will be realized, special function chips typically cost 
more to purchase and are single sourced as compared to 
integrated circuits that are widely used in the . industry. 
5 Further, if changes are required in the phase shifting control 
signal to output algorithm for a similar but different 
application, a new special f unci ion chip may be required. Also 
phase shifting circuitry is typically more complicated and 

h- susceptible to noise creating jitter than PWM signal generating 

P 

jp 10 circuitry. 

y It would thus be desirable, where product cost, multiple 

sourcing and simplified circuitry are among the design 

III considerations, to be able to use an industry standard existing 

Ul 

5 integrated circuit as a signal source for generating a duration 

*>■* 

Jj{ 15 controlled set of output pulses. Such a chip may be used in 

U conjunction with a further circuit, which may advantageously 

i n 

utilize discrete components for generating a pair of constant 

O 

fil width drive signals and a further pair of PWM drive signals to 
operate _ a jfull bridge ..-converter- power -supply.-- " ~ 

20 

SUMMARY OF THE INVENTION 

The present invention comprises providing a simplified PWM 
drive signal circuit for operating (driving) a full bridge 
converter power supply where PWM control signals are obtained 
25 from an industry standardized control circuit to overcome the 
cost and circuit algorithm alteration disadvantages of 
controlled phase shifting circuitry used in the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 For a more complete understanding of the present invention, 
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and its advantages, reference will now be made in the following 
Detailed Description to the accompanying drawings, in which: 

FIGURE 1 is a circuit diagram of the generator described 
herein; 

FIGURE 2 comprises a set of waveforms used in describing 
the operation of the circuit of FIGURE 1; and 

FIGURE 3 illustrates a typical, but generalized, load 
circuit of the type driven by the circuit of FIGURE 1. 



as;< 10 DETAILED DESCRIPTION 



M The circuit of FIGURE 1 includes four sections labeled 



generally 10, 12, 14, and 16 for generating drive signals 
P indicated as Ql, Q2, Q3, and Q4, respectively. The circuit 

operates in response to non-overlapping pulse width modulated 
3 15 control signals A and B applied to input terminals 18 and 20, 
respectively. The control signals A and B may be generated by a 
variety of sources, such as a Texas Instruments, Inc. integrated 



in 

p 

f(i circuit sold under the designation UC2825ADW. In conjunction 

with_ _th_e„ present -generator - circuit ,- this -chip was - usedn't o 

20 provide a pulse width modulated pair of control signals in 
response to a load current sensitive control signal. s By^ non - 
overlapping, we mean that a given pulse width modulated signal 



can vary in width from substantially zero width to substantially 



(but not greater than) fifty percent of a duty cycle. It should 
25 be appreciated by those skilled in the^art^^that many other 
similar circuits may be used to provide the input non- 
overlapping PWM input control signals utilized by the present 
invention. 

The control signal A is applied through a series connection 
30 of a diode 22 and a resistance 24 to a junction point 26. 
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Signal A is also supplied to a gate terminal of a field effect 
transistor (FET) 28, as well as through a series connection of a 
diode 30 and a resistance 32 to a junction point 34. A resistor 
36 is connected between junction point 26 and a junction point 
5 38, where junction point 38 is further connected to the inputs 
of isolation/driver amplifiers 40 and 42. Amplifier 42 includes 
an inverting circuit at the output thereof, as represented by 
the small circle shown. A resistance 44 is connected in 

safe 

p parallel with a capacitance 4 6 between junction point 38 and a 

Q 10 ground or reference voltage point 48. The output of amplifier 

Si 

%j 40 is connected to a first Ql output drive signal terminal 50. 

A capacitance 52 is shown connected between the inverting output 
til of amplifier 42 and a second Ql output drive signal terminal 54. 

J w Referring now to circuit section 16, it may be observed 

U 

fjj 15 that a resistance 56 is connected between junction point 34 and 
\J a positive direct voltage power terminal 58. A resistance 60 is 

O connected in parallel with a capacitance 62 between junction 

111 point 34 and ground 48. An amplifier 64 having an inverting 

_ _ output. _is_ connected- between- j-uncti-on - point- 34- -and -an -output' 
20 driver terminal 66. The output drive signal labeled Q4 is 
obtained between terminal 66 and ground 48. 

The B control signal terminal 20 is connected to a gate 
terminal of an FET 68 having its drain terminal connected to 
junction point 26 and its source terminal connected to ground 
25 48. Terminal 20 is also connected to the cathode of diode 70 
and to the anode of a diode 72. The anode of diode 70 is 
connected through a resistance 74 to a junction point 7 6, which 
serves as an input to an amplifier 78 having an inverting output 
terminal labeled 80. A resistance 82 is connected between 
30 junction point 76 and the positive power terminal 58. A 
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resistance 84 is connected in parallel with a capacitance 86 
between junction point 7 6 and ground 48. The Q2 output drive 
signal is provided between ground 48 and terminal 80. 

The anode of diode 72 is connected through a resistance 88 
5 to a junction point 90. A drain terminal of the aforementioned 
FET 28 is also connected to junction point 90, while the source 
terminal of FET 28 is connected to ground 48. A resistance 92 
is connected between junction point 90 and a junction point 94 , 
|„: which serves as an input to amplifiers 96 and 98. A resistance 

l " 10 100 is connected in parallel with a capacitance 102 between 

O - ■ - - - 

Cl junction point 94 and ground 48. A first Q3 output terminal 104 

^ is connected to the output of amplifier 96. A capacitance 106 

O is connected between an inverting output of amplifier 98 and a 

m 

second Q3 output terminal 108. 

a 

O 15 In FIGURE 2, times TO, Tl, T2, T3, and T4 are showing 

! l# occurring serially in time and represent one cycle of operation. 

Of The time between TO and T2 is identical to the time between T2 

j;|J and T4. Times Tl and T3 are representative of the end of a 

pulse_ width _mpdul.a-t.ecL .signal- and— thus- va-r-y-^rom -cycle -to - cycle 
20 in accordance with control feedback signals. As illustrated, 
time Tl represents about eighty percent of the possible ON 
duration of waveform A and, therefore, about forty percent of 
the time of a full operational cycle. Signal A is shown having 
a positive transition at time TO and returning to a low level at 
25 time Tl, while signal B is shown having a positive transition at 
time T2 and returning to a low level at time T3. A drive signal 
waveform Ql, as would be obtained between terminals 50 and 54 in 
FIGURE 1, becomes positive immediately after TO (although shown 
to be coincident for ease of description) and becomes negative 
30 immediately after T2 . As shown, Ql completes a cycle by going 
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positive again immediately after T4. A signal waveform labeled 
Q3 is the inverse of Ql and is obtained from between terminals 
104 and 108. A pulse width modulated waveform labeled Q2 
becomes positive immediately after T2 and returns to a low level 
5 immediately after T3 in response to the transitions of waveform 
B. A final pulse width modulated waveform labeled Q4 becomes 
positive immediately after TO and returns to a low level 
immediately after Tl in response to the transitions of waveform 
HA. 

n 

JEj 10 FIGURE 3 illustrates, in broad and generalized form, a 

bridge circuit having FET switches 120, 122, 124, and 126 
connected as shown for converting a first DC voltage between 

O terminals 128 and 130 to a second level voltage for use by a 

ill 

load shown as 132. For more detail on such a bridge circuit, 

0 15 both as to operation and components, reference can be made to 

FU 

%1 many publications, such as the above-referenced Unitrode 

l|] application note or co-pending patent application serial number 

3 a 

fjl (Docket No. VPI 2424000) entitled "DC/DC ZVS Full 

_ Bridge _Converter_ Rower— Supply -Method- and -Apparatus " -filed on" 

, 2002. 

As will be realized from the circuit operation details to 
follow, the circuits 10 and 14, of FIGURE 1, operate in the 
manner of set/reset latch circuits or of toggle circuits which 
are caused to change . output levels with each positive transition 
of either one of input signals A and B to produce constant width 
(non-PWM) output drive signals. 

Reference will now be made to both FIGURES 1 and 2. When 
drive signal A, applied to terminal 18, goes positive (raises in 
potential) at time TO, the signal passes through diode 22 to 
30 charge capacitor 4 6 and causes the amplifier 40 to raise the 
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potential at terminal 50 with respect to the inverted output 
from amplifier 42 as supplied through capacitor 52 to the other 
Ql output terminal 54. The charged capacitor 4 6 maintains this 
output after signal A drops to zero at time Tl. When signal B, 
applied to terminal 20, raises in potential, at time T2, FET 68 
is activated to cause junction point 26 to be placed at near 
ground potential. This activation causes the capacitor 4 6 to 
discharge, whereby output terminal 50 is lowered to a potential 
less than the inverted output from amplifier 42 at terminal 54. 

As mentioned previously, the rise in potential of output Ql 
occurs a" finite period of time after the rise of control signal 
A in order to partially charge the capacitor 46. The same 
comment applies to the discharge of capacitor 4 6 when signal B 
activates FET 68. However, for discussion and illustration 
purposes, the output Ql is shown as changing states simultaneous 
with the positive transitions of each of signals A and B. It is 
thus apparent that circuit 10 is toggled by the positive 
transitions of the two control signals to produce a symmetrical 
and constant widths drive, signal 

The above description applies, in a similar manner, to 
toggle circuit 14 for outputting the Q3 drive signal from the 
pulse width modulated control signals A and B. 

Reference will now be made to circuit 16. Prior to the 
positive transition of signal A at time TO, the anode of diode 
30 is effectively grounded through the source of control signal 
A whereby capacitor 62 is kept in a discharged state and the Q4 
output is maintained at a substantially zero level. At time TO, 
signal A raises the potential on the anode of diode 30, the 
capacitor is charged by current from positive terminal 58 and 
through the action of amplifier 64 and its output inverting 
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stage, the Q4 signal rises in potential relative ground 48. 
When signal A returns to effectively ground potential at pulse 
width modulated time Tl, the capacitor 62 is discharged and 
terminal 66 returns to ground potential. 
5 Action occurs in stage 12 for producing drive signal Q2 in 

a substantially identical manner with respect to pulse width 
modulated drive signal B. 

These four drive signals Ql through Q4 may be applied to a 
s*l full bridge rectifier circuit, such as shown in FIGURE 3, to 

5: a:" 

□ 10 convert DC voltage levels, as discussed in the co-pending patent 
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sj application . 

Although the invention has been described with reference to 

□ 

a specific embodiment, these descriptions are not meant to be 
construed in a limiting sense. Various modifications of the 
ry 15 disclosed embodiments, as well as alternative embodiments of the 
^ invention, will become apparent to persons skilled in the art 

in 

p upon reference to the description of the invention. It is 

^ therefore contemplated that the claims will cover any such 

modifications or embodiments, that fall with-in t-he-t-rue scope- and 
20 spirit of the invention. 
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